Little is known about the optimal duration of therapy with an anti-tumor necrosis factor (TNF) agent and/or an immunomodulator for patients with inflammatory bowel disease (IBD). We performed a systematic search of the literature to identify studies reporting after de-escalation (drug cessation or dose reduction) of anti-TNF agents and/or immunomodulators in patients in remission from IBD. Studies were reviewed according to the type of IBD and drug. Rates of relapse, factors associated with relapse, and response to re-treatment were determined. Our search yielded 6315 unique citations; we analyzed findings from 69 studies (18 on de-escalation [drug cessation or dose reduction] of immunomodulator monotherapy, 8 on immunomodulator de-escalation from combination therapy, and 43 on de-escalation of anti-TNF agents, including 3 during pregnancy) comprising 4672 patients. Stopping immunomodulator monotherapy after a period of remission was associated with high rates of relapse in patients with Crohn's disease or ulcerative colitis (approximately 75% of patients experienced a relapse within 5 years after therapy was stopped). Most studies of patients with Crohn's disease who discontinued an immunomodulator after combination therapy found that rates of relapse did not differ from those of patients who continued taking the drug (55%-60% had disease relapse 24 months after they stopped taking the immunomodulator). The only study in patients with ulcerative colitis supported continued immunomodulator use. Approximately 50% of patients who discontinued anti-TNF agents after combination therapy maintained remission 24 months later, but the proportion in remission decreased with time. Markers of disease activity, poor prognostic factors, and complicated or relapsing disease course were associated with future relapse. In conclusion, based on a systematic review, 50% or more of patients with IBD who cease therapy have a disease relapse. Further studies are required to accurately identify subgroups of patients who are good candidates for discontinuation of treatment. The decision to withdraw a drug should be made for each individual based on patient preference, disease markers, consequences of relapse, safety, and cost.
counterintuitive to stop or reduce the dose of therapy once the therapeutic goals have been achieved, this is often considered in clinical practice because of safety concerns, adverse effects, cost, national regulations, and special situations such as pregnancy. Herein, our goal was to review the literature about drug withdrawal and dose reduction strategies in a comprehensive, systematic, and meaningful way that would provide information on different clinical scenarios.
Materials and Methods

Eligibility Criteria and Literature Search
A broad systematic literature search was performed using a predetermined protocol (Supplementary Material) and in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist. In consultation with a qualified medical librarian, the comprehensive search query we composed included both subject headings and an exhaustive list of keywords related to IBD and stopping or dose reducing anti-TNF and/or an immunomodulator. We searched for relevant studies in the PubMed/MEDLINE, EMBASE (Excerpta Medica database), and Cochrane CENTRAL databases from their inception to March 16, 2015 . The search combined disease-and medication-relevant terms as well as terms on drug cessation such as stopping or withdrawal. No restrictions were placed on language. Additionally, bibliographies of included articles were searched and experts in IBD were consulted to identify additional studies. An outline of the detailed search strategy performed in each database is available in the Supplementary Material.
Selection Criteria
Therapy de-escalation was defined as stopping the drug (anti-TNF or immunomodulator) or reducing the dose (reducing the dose of an immunomodulator or decreasing the dose and/or increasing the interval for anti-TNF). Immunomodulators included thiopurines (azathioprine or 6-mercaptopurine) and/ or methotrexate. Studies describing the outcomes of patients with CD or UC in whom therapy had been de-escalated during remission were eligible for inclusion. Studies reporting on long-term outcomes using anti-TNF and/or an immunomodulator were included as long as information on outcomes after drug withdrawal was available. The outcomes of interest were rate of relapse, time to relapse, factors predictive of relapse, and response to retreatment. Studies describing de-escalation strategies for other therapeutic classes other than an immunomodulator and/or anti-TNF were not considered. Studies were excluded if the status of remission before discontinuation was unclear and/or not clearly defined or if outcomes after drug discontinuation were unavailable. Studies reporting on dose reduction to the standard dose after a period of drug optimization with or without the use of therapeutic drug monitoring were believed to be outside the scope of our review and therefore excluded. Non-peer-reviewed articles, case reports, review papers, and expert opinion papers were also excluded, but review papers were further searched for relevant bibliography. Two reviewers (J.T. and R.K.B.) independently conducted an initial screen of abstracts for eligibility and evaluated the full-text articles of identified abstracts for final eligibility. Retained articles were screened in DistillerSR (https://distillercer.com) using predesigned screening forms. Disagreements at any stage were resolved by consensus and, if necessary, involvement of a third party (N.K., J.-F.C, or J.S.).
Data Extraction and Quality Assessment
Both reviewers (J.T. and R.K.B.) extracted data from all studies that fulfilled the inclusion criteria using custom data extraction forms created in DistillerSR. Extracted data included study characteristics, participant characteristics, and outcomes.
Of note, data on patient characteristics were retrieved only for the population of interest (patients de-escalating therapy) when and if available. Authors were contacted to supplement missing time point data whenever it was believed to be relevant. Randomized controlled trials (RCTs) were assessed for quality using the Cochrane method. 6 All nonrandomized studies were evaluated for quality using the Newcastle Ottawa Scale. 7 Study risk of bias and quality assessment was made independently by 2 of the investigators (J.T. and R.K.B.), and any discrepancies were resolved by joint reassessment of the original article. In evaluating RCTs, any study with one or more components perceived to be high or unclear for bias, was considered overall as presenting a high or unclear risk of bias. If all components were perceived as having a low risk of bias, the study was considered overall as having a low risk of bias.
Categorization of Studies
Studies were grouped into 3 different clinical scenarios: (1) patients de-escalating an immunomodulator while on immunomodulator monotherapy, (2) patients de-escalating an immunomodulator from combination therapy, and (3) patients de-escalating anti-TNF irrespective of concomitant immunomodulator use. Categorization of number 3 was not further subdivided into combination therapy and anti-TNF monotherapy because concomitant immunomodulator use was variable or often not reported in these studies.
Results
Summary of Literature Search
Details of the literature search, article screening, article evaluation, data extraction, and data analyses described in Materials and Methods are summarized in the PRISMA diagram (Figure 1 ). The search strategy yielded 6315 unique citations. After exclusion of duplicates and screening of abstracts, 125 full-text articles were assessed for eligibility. Agreement between reviewers for title and abstract screening and for full-text review was 100%. Sixty-nine studies were included in the final qualitative systematic review, 3 of which were substudies of original trials reporting on predictive factors for relapse. Eighteen studies reported on de-escalating immunomodulator monotherapy, 8 on withdrawing an immunomodulator from combination therapy, and 40 on withdrawing anti-TNF (including 3 in pregnancy). A further 3 studies were substudies of their original counterparts, reporting on predictive factors for relapse. Overall, there were 7 RCTs, 16 prospective cohort studies, and 43 retrospective cohort studies. Supplementary Tables 1, 4 , 7, and 10 summarize the study and population characteristics as well as definitions of remission and relapse in every study. Supplementary Tables 2,  5, 8, and 11 summarize the outcomes after de-escalation in these studies, and Supplementary Tables 3, 6, and 9 include detailed information about the specific inclusion/exclusion criteria for each study.
De-escalation of Immunomodulator Monotherapy
Overall, we identified 18 studies that reported on immunomodulator withdrawal, 15 of which were published as full articles. These comprised 5 RCTs 8-12 and 13 retrospective cohort studies [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] (one of which 20 was an extension study from a previous RCT 8 ). Eleven studies reported on immunomodulator withdrawal in CD [8] [9] [10] [11] 14, 15, 17, 20, [23] [24] [25] and 8 in UC. 12, 13, [17] [18] [19] 21, 22, 24 One study by Fraser et al reported on long-term outcomes of patients treated with methotrexate and presented relapse rates for IBD with no distinction between CD and UC. De-escalation of an immunomodulator in CD. All 4 RCTs in CD reported higher relapse rates after stopping the immunomodulator compared with continuing the drug. [8] [9] [10] [11] All RCTs focused on azathioprine exclusively and the longest follow-up was for 2 years after withdrawal. 10 The study by Lemann et al was designed as a noninferiority study, and the investigators concluded that they could not reject the hypothesis that placebo was inferior to continuing azathioprine. 8 The other 3 RCTs showed higher relapse rates in the drug withdrawal arm compared with the drug continuation arm (P < .05), but statistical significance was lost in one study at longer follow-up. 10 Of the RCTs, Treton et al 20 reported the highest relapse rates at 12 months but was the only one that was not placebo controlled. Relapse rates after drug withdrawal in RCTs ranged from 8% to 25% at 6 months, 16.5% to 53% at 12 months, 21.3% to 31% at 18 months, and 31% at 24 months. Relapse rates of patients continued on an immunomodulator were 0% at 6 months, 4% to 15% at 12 months, 7.9% to 12% at 18 months, and 15% at 24 months. Lemann et al 8 reported the lowest relapse rates after drug de-escalation, but this was still significantly higher compared with drug continuation. This was also the largest RCT, was adequately powered, and had the longest period of remission before drug withdrawal. 8 Despite the significant heterogeneity in study design and patient population in the retrospective cohort studies in CD, the relapse rates at 12 months for patients who stopped thiopurines were fairly similar, ranging from 14% to 38% at 12 months and 39% to 71% at 24 months. Five studies 14, 15, 17, 20, 25 reported longer follow-up periods. The relapse rates at 3 years ranged from 53% to 85% for those stopping the drug, as compared with 22% to 55% for those kept on the drug. At 5 years, relapse rates for those stopping the drug ranged from 63% to 85%, as compared with 32% to 61% for those continuing the drug. The highest relapse rates at 5 years (both for those stopping and continuing the drug) were reported by Kim et al (85% and 61%, respectively). 15 Bouhnik et al 14 reported a cumulative probability of relapse of 61% (95% confidence interval, 53%-70%) and 75% (95% confidence interval, 65%-85%) at 3 years and 5 years, respectively, very similar to the results from the study by Fraser et al of 66% and 75%. 17 Treton et al, 20 in an extension study of the RCT by Lemann et al, 8 studied the extended relapse rates of patients who were in the placebo arm of the original trial, as well as those in the active drug arm in the trial but thereafter stopped the drug. The cumulative probability of relapse was 52.8% (±7.1%) and 62.7% at 3 and 5 years, respectively. The study by Sokol et al 25 described similarly high relapse rates of 73.3% at 5 years in those stopping the immunomodulator (compared with 44.4% in those continuing the drug). In all the previously mentioned studies, patients stopped the immunomodulator while in clinical remission (with slightly different definitions). One study, 23 published as an abstract, studied withdrawal of azathioprine after clinical and endoscopic remission was achieved. After a median follow-up period of 46 months (interquartile range, 27.5-67.6 months), 46% presented with endoscopic relapse, 38% had a clinical flare, 17% underwent surgery, and 23% were hospitalized.
Most predictive factors for relapse reported for immunomodulator withdrawal in CD were reflective of nonsymptomatic disease activity (elevated C-reactive protein [CRP] level, increased leukocyte or neutrophil count, decreased hemoglobin level), presence of poor prognostic factors (ileal disease location, perianal disease, younger age), or a worse disease course or disease more difficult to control previous to de-escalation (shorter duration of remission, prior complications, and need for corticosteroids in the previous 50 months) ( Table 1) . Male sex 14, 25 was associated with relapse in some trials. Higher doses of azathioprine, 10 thiopurine taper before de-escalation, 24 and, unexpectedly, absence of smoking 20, 25 were found to be associated with relapse.
Two studies reported on response to re-treatment with an immunomodulator after drug withdrawal. 20, 24 Reintroduction of thiopurine was successful in 74% 24 and 96% 20 of cases. The study by Treton et al 20 reported a median duration of remission of 28 months (interquartile range, 17-45 months) with the second course of an immunomodulator.
De-escalation of an immunomodulator in UC. One RCT 12 and 7 cohort studies 13, [17] [18] [19] 21, 22, 24 reported on the rates of relapse in UC after immunomodulator withdrawal. In the only RCT, Hawthorne et al reported a relapse rate of almost 60% by the end of the first year in those who discontinued the drug while in corticosteroid-free clinical remission compared with 36% on continued thiopurine therapy. 12 Cohort studies, with very heterogeneous designs and follow-up times, reported discrepant relapse rates ranging from 11% to 77% at 12 months to 21% to 100% at 24 months. Lobel et al 18 reported the highest rates of relapse at 12 months (77% in the immunomodulator cessation group vs 43% in the immunomodulator continuation group) and 24 months (100% in the immunomodulator cessation group vs 69% in the immunomodulator continuation group). The relapse rates at longer follow-up periods were higher, as expected, ranging from 43% to 65% at 5 years and up to 75% to 87% with longer follow-up periods. 13, 17 In one prospective study, published as an abstract, patients with UC stopping azathioprine after a minimum of 3 years of therapy in clinical, biological, and endoscopic remission (Mayo score of 0) had a relapse rate of 37% after a mean follow-up of 55 months. 21 The mean time to relapse was 26.4 months (12-72 months).
Among the identified predictive factors for relapse, most are reflective of disease activity (absence of biological remission, increased white cell count 22, 24 ), higher disease burden 19, 22 (pancolitis or extensive colitis compared with left-sided colitis or proctosigmoiditis), and worse disease control before withdrawal (need for therapy while on thiopurines, 19 number of clinical relapses during treatment with thiopurines 22 ). Factors associated with reduced rates of relapse were increasing age, 12 biological remission, maintaining the drug, 12, 18 and longer duration with thiopurine treatment.
One study reported on drug reintroduction, with a response rate of 92%.
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De-escalation of an Immunomodulator From Combination Therapy
We identified 8 studies reporting on immunomodulator withdrawal from combination therapy, 5 of which were published as a full paper (Supplementary Tables 4-6 ). These comprised 2 RCTs 26,27 and 6 retrospective cohort studies. [28] [29] [30] [31] [32] [33] Six studies reported on immunomodulator withdrawal from combination therapy in CD 26, 27, [29] [30] [31] [32] and one study in UC 33 ; one study did not differentiate between CD and UC when reporting outcomes.
De-escalation of an immunomodulator from combination therapy in CD. The 2 RCTs were open label and not blinded. 26, 27 In the IMID trial, Van Assche et al randomized 80 patients on combination therapy for more than 6 months and in clinical remission to either stop or continue the immunomodulator. 26 No difference was found between the 2 groups at 24 months for the primary end point, which was a combination of clinical relapse requiring dose escalation and stopping infliximab for adverse effects or loss of response (55% vs 60%). Notably, 6 months was the minimum combination therapy in this trial before discontinuation; however, the median duration of therapy was 25 months for the immunomodulator (range, 6-98 months) and 24.5 months for infliximab (range, 6-90 months). The group of patients that discontinued the immunomodulator had higher CRP and lower infliximab trough levels by the end of the trial. Kierkus et al 27 randomized 84 pediatric patients to continue or withdraw the immunomodulator after 26 weeks of combination therapy. At 7 months after withdrawal, the proportion of patients who experienced a relapse or had loss of response to infliximab was 35.9% in those stopping the immunomodulator compared with 33.3% in those continuing combination therapy (P > .05). Despite the significant heterogeneity in the retrospective cohort studies reporting on outcomes in CD, the 2 studies comparing relapse rates in patients who continued combination therapy with those stopping the immunomodulator 28, 30 found no difference between the groups (similar to the findings of the RCTs). There were similar relapse rates at 12 months in the withdrawal group (38.8%-42.8%) and continuing drug group (40%-40.6%), although the abstract by Sokol et al included both CD and UC. Oussalah et al and Drobne et al reported cumulative relapse rates of 27% and 38% after a median follow-up period of 14 and 29 months, respectively. In the latter study, 29 infliximab levels remained stable after withdrawal of the immunomodulator, although there was an increase in the proportion of those with very low or undetectable infliximab trough levels. An abstract by Fischer et al 31 reported a higher relapse rate (cumulative 72.1% rate of relapse; median time to relapse, 28.1 months) in an observational study.
Predictive factors for relapse identified included those reflective of disease activity and younger age at diagnosis (Table 1 ). In addition, a shorter duration of combination therapy before withdrawal, 31, 32 combination therapy with methotrexate compared with azathioprine, 31 and discontinuation of infliximab due to loss of response were associated with disease relapse. Higher infliximab levels at withdrawal were associated with lower rates of relapse. 29 No studies reported on the response to reintroducing the immunomodulator after relapse. Female sex (P < .02) 55 Lack of maintenance of an IM after discontinuation of anti-TNF (P < .01 ) 55 Epidermal growth factor level ≤39.5 U/mL (HR, 2.7 [1.2-6.6]; sensitivity, 39%; specificity, 86%; PPV, 75%; NPV, 58%) 83 Shorter duration of anti-TNF before cessation 39 IFX trough concentrations <6 µg/mL 48,b Treatment with an IM after discontinuation of anti-TNF: HR, 0.5 (0.3-0.7) 55 Positive serum vascular cell adhesion protein 1 (>0.67 µg/mL) at time of IFX discontinuation 48,b Stopping the IM
Step 
IM, immunomodulator; RR, relative risk (95% confidence interval); CRP, C-reactive protein; HR, hazard ratio (95% confidence interval); WBC, white blood cell; OR, odds ratio (95% confidence interval); FC, fecal calprotectin; PPV, positive predictive value; IFX, infliximab; L4, jejunal disease as per Montreal classification; 6-MP, 6-mercaptopurine; AZA, azathioprine; NPV, negative predictive value. a Type of analysis not specified. b Predictive factors of sustained clinical remission and not relapse after withdrawal. c Only significant after exclusion of corticosteroid-dependent patients (n = 13).
De-escalation of an immunomodulator from combination therapy in UC.
One study reported on immunomodulator withdrawal from combination therapy in UC. 33 In this retrospective analysis, patients in remission after primary response to infliximab induction and at least 6 months of remission with scheduled infliximab therapy in association with azathioprine and who subsequently discontinued the immunomodulator were included. There was a significantly higher rate of relapse, reported as trimesters with clinical flare, in the discontinuation cohort (12% vs 3%; P = .049). The mean time to relapse was also longer with combination therapy compared with infliximab alone (16.6 vs 7 months; P < .05). This study did not report on factors associated with relapse.
De-escalation of Anti-TNF
Thirty-seven studies that reported outcomes after anti-TNF withdrawal were identified, 21 of which were published as a full article (Supplementary Tables 7-9 ). Twenty-two were retrospective cohort studies, and 15 were prospective cohort studies. One study 34 comparing two different maintenance anti-TNF regimens (8 weekly vs 10 weekly dosing) had a control arm, but all others did not. No RCTs were found. Three additional studies specifically included pregnant patients ( Supplementary Tables 10 and 11 ).
De-escalation of anti-TNF in CD.
Thirty-two studies presented data on outcomes after withdrawing anti-TNF for CD. In only one study, in a group of patients with surgically induced remission, was anti-TNF de-escalated after use as monotherapy. 35 In 6 studies, the proportion of patients on a concomitant immunomodulator was not specified 34, [36] [37] [38] [39] ; in the remaining studies, it ranged from 20 to 100%. Three studies [40] [41] [42] compared relapse rates after infliximab withdrawal after induction alone ("induction group") with relapse rates after withdrawal after at least 1 year of scheduled maintenance therapy ("maintenance group"). There were no significant differences in the rates of relapse between the induction and maintenance groups in each study, although the actual rates of relapse varied between studies. A study in a pediatric population found high relapse rates of 75% and 73% in the induction and maintenance groups, respectively, after 1 year. 42 The other 2 studies 40, 41 reported relapse rates of 22% to 29% (induction group) and 31% to 44% (maintenance group) after 1 year; the difference between the groups was not statistically significant. Molnar et al found a similar relapse rate of 45% in a study of withdrawal after 3 induction doses of infliximab. 43 Domenech et al found significantly increased relapse rates after stopping scheduled biologic therapy in patients with perianal disease compared with those with luminal disease only (82% vs 17%) after a mean follow-up period of 8.8 months. 40 This finding is also supported by a study by Molnar et al. 44 Of the remaining studies, 2 were in a pediatric population. 45, 46 Both examined the long-term effectiveness of anti-TNF and reported on outcomes after cessation in a small subset of patients. Crombe et al 45 reported a cumulative probability of relapse of 14.8% in 27 patients after a median of 125 months of follow-up, whereas Nuti et al 46 reported a relapse rate of 61.5% at 12 months in 13 patients.
In most studies in the adult population, anti-TNF was discontinued while patients were in clinical remission. In the STORI trial, 47 Louis et al prospectively followed 115 patients with CD on combination therapy for at least 1 year who discontinued anti-TNF after being in corticosteroid-free clinical remission for at least 6 months. The relapse rates at 12 and 24 months were 43.9% ± 5.0% and 52.2% ± 5.2%, respectively, with a median time to relapse of 16.4 months. It is interesting to note that across all adult studies reporting on anti-TNF withdrawal from clinical remission, despite heterogeneous study designs, patient populations, and variable use of immunomodulators, the 1-and 2-year relapse rates were reasonably consistent. One exception is the study by Papamichael et al, 48 which reported the lowest relapse rates after drug discontinuation; the cumulative probability of maintaining sustained clinical remission after the first, second, third, fourth, and fifth year was 96%, 93%, 88%, 79.9%, and 72.8%, respectively. In other studies in which relapse rates were available at 12 and 24 months, 47, [49] [50] [51] [52] [53] [54] [55] the rates ranged from 21.1% to 39% and from 37%% to 55.7%, respectively. Interestingly, except for one study published in abstract form that reported a lower relapse rate of 16% after a mean follow-up of 19 ± 13 months, 56 most studies, including the one by Papamichael et al, reported high cumulative relapse rates of between 49% and 88% by the end of follow-up, 36, 37, 47, 48, 52, 54, [57] [58] [59] with higher rates with longer follow-up periods. The median time to relapse was between 4.8 and 16.4 months across the studies reporting this outcome. 38, 47, 49, 53, 55, [57] [58] [59] [60] [61] Five studies 39, 57, [62] [63] [64] included patients withdrawn from therapy while in both clinical and endoscopic remission. Radiological healing as assessed by magnetic resonance imaging was also shown in one study. 62 Rismo et al 63 reported higher rates of relapse (52% at 6 months and 74% at 12 months), potentially relating to short treatment duration before withdrawal. The other studies reported relapse rates of 18% at 6 months, 57 22% to 41% at 12 months, 57, 62 47% to 49% at 24 months, 57, 62 and 50% at 36 months, 39 very similar to that of those withdrawn while in clinical remission. The median time to relapse was also similar to that of those in who only clinical remission was documented. Two studies explored the possibility of reducing the dose of therapy. Sorrentino et al 35 examined anti-TNF withdrawal monotherapy in the postoperative setting. Twelve patients commencing anti-TNF therapy 2 weeks postoperatively continued anti-TNF for 3 years, at which point it was withdrawn. The relapse rate at 6 months after withdrawal was 83.3%; in all cases, patients were re-treated successfully with a lower dose of infliximab (3 mg/kg). Mantzaris et al 34 reported relapse rates in patients with CD in deep long-term remission who had their infliximab spaced from 8 to 10 weeks; the relapse rate was 6.25% at 12 months for the drug spacing group and 6.7% for the drug continuation group.
Among predictive factors for relapse, most were reflective of nonsymptomatic disease activity at withdrawal (elevated CRP level, increased leukocyte or neutrophil count, elevated fecal calprotectin [FC] level, decreased hemoglobin level, absence of mucosal healing, wall thickening at magnetic resonance elastography), presence of poor prognostic factors (younger age; ileal, jejunal, or ileocolonic disease location; perianal disease; stricturing phenotype; active smoking; and elevated anti-Saccharomyces cerevisiae antibody levels), or factors reflecting a worse disease course or a more difficult to control disease previous to de-escalation (use of corticosteroids before withdrawal or at the start of anti-TNF, history of antimetabolite failure, need for dose escalation before withdrawal, past use of anti-TNF before the current course, history of surgery) ( Table 1 ). Shorter duration of anti-TNF and longer duration of disease before starting anti-TNF seem to predict relapse, whereas a shorter interval between disease diagnosis and starting anti-TNF and maintaining treatment with an immunomodulator were associated with remission. 48, 55 Only 3 studies 24, 47, 61 specifically reported the rate of simultaneous introduction of the immunomodulator with anti-TNF. In the STORI trial, being naive to immunomodulator therapy was not found to be a predictor of relapse on univariate analysis. 47 On the other hand, another study found previous antimetabolite failure to be predictive of relapse. 41 Higher infliximab trough levels at withdrawal was associated with relapse in 2 studies. 47, 48 One study looked at molecular healing; elevated expression levels of TNF-α and interleukin-17A in endoscopic healed mucosa were associated with a 3-and 4-fold increased risk of relapse, respectively. 63 Two studies reported on factors predictive of relapse during follow-up rather than at drug discontinuation. 65, 66 De Suray et al followed 113 patients in the STORI trial with bimonthly measurements of CRP and FC levels until relapse or 18 months; the investigators found that the evolution of CRP and FC levels was significantly different between those who experienced a relapse and those who did not. In those who experienced a relapse, a sudden and pronounced increase in CRP and FC levels was observed during the 4 months that preceded relapse. The median value for FC and CRP before relapse was 534 µg/g and 8 mg/L for those who experienced a relapse and 66.9 µg/g and 3.7 mg/L for those who did not experience a relapse, respectively 65 The optimal cutoffs to predict relapse were 6.1 mg/L for CRP (sensitivity of 71% and specificity of 66%) and 305 µg/g for FC (sensitivity of 70% and specificity of 74%). These results were corroborated by Molander et al. 66 A significant proportion of the patients who experienced a relapse were re-treated in 15 studies. With the exception of the study by Sorrentino et al, 35 in which endoscopic remission was reported (100% remission at 80 weeks), most studies only provided rates of clinical remission/ response after re-treatment; in many cases, the information was restricted to the response rates, with no further details. 42, 43, 50, 51, 54, 58, 59, 62 The studies by Molnar et al 43 and Monterubbianesi et al 51 reported the lowest response rates (54.7% and 63.3%, respectively) and the highest infusion reaction rates (6% and 10%, respectively). Excluding these studies, remission was safely achieved in a high proportion of patients in all other studies (ranging from 78.3% to 100%). Studies describing longer follow-up remission rates (at least 1 year) reported clinical remission rates between 80% and 92% at 1 year 49, 55, 64 De-escalation of anti-TNF in UC. Fourteen studies described outcomes after withdrawal of anti-TNF in UC 36,37,52-55,58,59,64,67-71 5 of which were retrospective cohort studies. There was significant heterogeneity in study design and patient population, including the definition of relapse and clinical remission before entry. The duration of clinical remission before entry was only stated in 2 studies (both with a minimum of 6 months). 54, 64 In 3 studies, the proportion of patients on combination therapy was not specified 36, 37, 68 and in further studies ranged from 20% to 100%. One study reported on a pediatric population. 67 The primary goal of this study was to compare the effectiveness of infliximab in avoiding colectomy in acute severe UC and with "chronically stable" corticosteroid-dependent UC. Eighty percent had a favorable response to infliximab and were eventually weaned off anti-TNF after a mean of 9.8 infusions. After a mean 10-month follow-up after the last infusion, no patient required additional treatment with infliximab or corticosteroids, and all were maintained with immunomodulator monotherapy. 67 Studies in adult populations reported relapse rates between 14% and 41.8% [52] [53] [54] 68 at 12 months and between 25% and 47.1% 54, 68 at 24 months. 54, 68 In studies in which mucosal healing was used as part of the definition of remission before drug de-escalation, the relapse rates at 12 and 24 months were between 17% and 25% and between 25% and 35%, respectively. 64, 68 Overall, the cumulative probability of relapse varied from 35% to 45% 36, 37, 52, 54, 70 with median times of follow-up between 16 and 29 months. Steenholdt et al 52 reported relapse rates at longer follow-up of 4.5 years, with 60% of patients experiencing a relapse at this time point. 52 Studies with a lower proportion of patients on combination therapy or in which this information was not specified reported similar relapse rates to those studies with a higher proportion on combination therapy.
Exposure to anti-TNF before the existing course of therapy was the only factor found to be significantly associated with time to relapse. 70 Molander et al, 66 in a follow-up of a previous study, 64 showed that persistently normal FC concentrations during follow-up were highly predictive of clinical and endoscopic remission. An FC level greater than 200 µg/g measured 2 to 4 months before relapse was predictive of relapse (sensitivity of 83% and specificity of 50%); no differentiation was made between CD and UC. 66 Re-treatment rates were reported in 4 trials, 53, 54, 68, 70 with response rates ranging from 67% to 100%. Detailed information was available in only 2 studies. In one study, 68 clinical remission was achieved by 100% of patients by week 12; Dai et al 53 reported a mean time of 3 months to clinical remission after drug re-introduction.
Special situations: pregnancy. The 3 studies specifically investigating de-escalation in pregnancy reported outcomes after anti-TNF withdrawal. [72] [73] [74] All studies had low rates of concomitant immunomodulator use (17.5%-36%). Seirafi et al retrospectively analyzed 85 patients with IBD who had anti-TNF withdrawn and primarily reported on pregnancy outcomes rather than relapse; 14% experienced a relapse during the last trimester and 32% within 3 weeks postpartum. 74 Zelinkova et al retrospectively examined 23 patients who discontinued anti-TNF during the second trimester and found that 8.7% experienced a relapse by gestational week 36. 72 In a recently published prospective study of predominantly patients with CD, in part consisting of patients in the study by Zelinkova et al, 9.8% of patients who had been in remission for more than 8 months before discontinuation had a relapse by the end of pregnancy and 15.7% had a relapse by 3 months postpartum. This was compared with a cohort of patients who were not in clinical remission and had anti-TNF continued throughout pregnancy; the relapse rates were not different between the groups. 73 In the one study reporting response to postpartum retreatment, 100% remission rates were achieved 72 ; however, one patient had an allergic reaction and 2 patients required a switch to adalimumab due to adverse events. 72 Although de Lima et al did not specifically describe remission rates after re-treatment, 1.9% had an allergic reaction and 1.9% had loss of response.
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Discussion
This systematic review comprehensively summarizes the available literature on de-escalation of an immunomodulator or anti-TNF during remission in patients with IBD. Based on the studies with extended periods of follow-up, relapse rates after cessation appear high across all therapeutic classes, suggesting that complete discontinuation in the long-term may only be feasible in select patients. Withdrawing immunomodulator monotherapy in CD and UC results in higher short-term relapse rates compared with continuing, and relapse rates increase steadily over longer periods of follow-up, with only 15% to 37% of patients maintaining clinical remission after 5 years. In patients receiving combination therapy in CD, there seems to be no difference between stopping or continuing the immunomodulator, with relapse rates of approximately 40% by the end of the first year. Less evidence is available for UC. Finally, approximately 40% to 50% of patients who discontinue anti-TNF will experience a relapse within 2 years; studies with longer followup of 7 and 10 years after withdrawal show remission rates of 35% and 12%, respectively 52, 60 Studies in pregnancy show that a short drug holiday is not associated with high rates of relapse or loss of response upon restarting.
Even though the overall long-term results of discontinuing therapy may seem disappointing, there may be subgroups of patients who are better candidates for drug discontinuation. This review has found that most predictors of relapse reflect poor prognostic features, previous disease course, or markers of subclinical disease activity. Patients with poor prognostic features and those with a difficult-to-treat, relapsing course before deescalation generally have a higher chance of relapse after drug withdrawal. However, it must be recognized that there is a notable lack of consistency across the studies in terms of individual prognostic markers, and caution is advised in the absence of a well-powered study to specifically examine this question. It has been argued that stopping therapy may be an option in patients with deep remission, as defined by clinical, biochemical, and endoscopic remission. 47 Although it requires further investigation, it is important to acknowledge that recent studies of anti-TNF cessation in patients with deep remission (including some in radiological and even histological remission) have roughly similar relapse rates, with approximately 50% of patients experiencing a relapse after variable periods of follow-up. 39, 57, [62] [63] [64] After stopping therapy, it is possible that an individual's particular disease course will eventually manifest and follow its natural trajectory. 75 Therapeutic drug monitoring offers a promising avenue to identify candidates for de-escalation. Notably, while higher anti-TNF trough levels at the time of immunomodulator withdrawal were associated with lower rates of relapse, 29 the opposite was true for anti-TNF withdrawal 47, 48 In this way, lower trough levels may identify patients in who remission has been achieved irrespective of drug therapy and who would therefore be promising candidates for withdrawal. 76 Studies on re-treatment generally reported good response rates, mostly of clinical remission. However, it must be acknowledged that in most cases there is only short-term follow-up, and assessment of the rate of success based on objective data such as biomarkers, imaging, or endoscopy is lacking. Therefore, the true efficacy and impact of this strategy over the medium-term to long-term merits further investigation. More evidence is thus needed to show the safety and efficacy of re-treatment. These further data could lead to exploration of the concept of treatment cycles in patients with IBD. Over a lifetime of chronic IBD, these cycles could represent important sparing periods with regard to safety and costs. For example, a drug holiday from anti-TNF therapy, the main driver for direct costs in IBD, 77 could be a way to optimize the cost-effectiveness of management of IBD with these agents. Likewise, an immunomodulator holiday could be an effective method of returning the risk of lymphoproliferative disorders back to baseline. 78, 79 This is by far the most extensive and comprehensive review of the literature on de-escalation strategies in patients with IBD to date, incorporating short-term and long-term results across different therapeutic strategies. However, this review has some limitations. Because we wanted to capture real-world data and long-term outcomes after drug de-escalation, we incorporated all studies reporting on drug de-escalation as long as it was clearly stated that this occurred during remission, irrespective of treatment duration or study design. The resulting heterogeneity in study methods, interventions, definitions of remission and relapse, study populations, and inclusion/exclusion criteria across studies precluded further meta-analysis and resulted in the inclusion of some studies with very few participants and low quality. For anti-TNF withdrawal in particular, it is difficult to draw firm conclusions about the effect of drug withdrawal in the absence of control data. Furthermore, questions around discontinuing anti-TNF monotherapy or dose-reducing anti-TNF remain unanswered due to the limited number of studies exploring these strategies. Additionally, many studies reporting predictive factors were limited by retrospective design and small sample size, precluding firm recommendations in this regard. Nevertheless, it is notable that for every class of therapy and independent of study design, the relapse rates (with some exceptions) are fairly consistent and increase with time, with only a small proportion of patients being free of relapse in the long-term, independent of the therapy that is stopped.
Based on our review of the current literature, we believe that discontinuation of therapy in patients with IBD needs to be a personalized decision (Figures 2 and 3) . Age, sex, and extent of disease modify the risk of various cancers linked to immunomodulator therapy, as illustrated by a recently developed Markov model. 80 These risks must be weighed against an individualized assessment of the likelihood of successful withdrawal based on the presence of predictive factors of relapse and remission. An additional important consideration is patient preference. The willingness of an individual patient to accept risks associated with therapy must be weighed against their concerns about the risk of relapse with associated loss of quality of life and potential surgery. Uninterrupted, lifelong therapy with potent immunosuppressive agents is probably unsustainable in the longterm. Therefore, further studies and alternative strategies are needed for those patients reaching deep and sustained remission. After treatment de-escalation, early diagnosis of relapse before symptom development is supported by preliminary studies and warrants further confirmation, because this could potentially allow for early re-treatment and better outcomes. There is also a need to explore alternative de-escalation strategies such as dose reduction and drug withdrawal in early IBD. The latter strategy offers the enticing possibility of "resetting" the immunologic system to truly change the natural history of disease and has been pursued in other diseases such as rheumatoid arthritis. In the recently published double-blind, placebo-controlled OPTIMA trial of patients with early rheumatoid arthritis (<1 year) treated with combination therapy and achieving low disease activity withdrawal of anti-TNF did not result in a significant increase in disease activity or radiological or functional scores by the end of the study (week 78). 81 Finally more prospective controlled studies are needed. The upcoming prospective, multicenter European Union-funded Biocycle project is expected to provide novel findings in this regard. It will incorporate the SPARE study a 3-armed trial in CD of infliximabimmunomodulator continuation versus infliximab discontinuation versus immunomodulator discontinuation during remission. Additionally Biocycle will explore the concept of using treatment cycles in patients with IBD. Considering the cyclic nature of IBD, this is an appealing strategy that may allow for safer and more costeffective therapy based on a patient's individual disease course. 
